Background Clinical trials have demonstrated an increased risk of cardiotoxicity in patients with breast cancer (bca)
INTRODUCTION
Clinical trials have demonstrated an increased risk of cardiotoxicity in patients with breast cancer (bca) receiving trastuzumab-based therapy. In both the National Surgical Adjuvant Breast and Bowel Project B-31 study and the North Central Cancer Treatment Group N9831 study 1, 2 , women with early-stage bca receiving trastuzumab-containing treatment experienced heart failure at a rate of about 4%, which remained stable after up to 9.2 years of follow-up. What is less well understood is the incidence of cardiotoxicity in patients treated with trastuzumab outside the setting of a clinical trial, particularly in patients who have underlying cardiovascular risk factors.
Diabetes, dyslipidemia, and obesit y are know n risk factors for cardiovascular disease. Thus, patients with those comorbidities could be at increased risk of experiencing cardiotoxicity related to cancer treatment, including trastuzumab-based therapy.
Obesity is associated with an increased risk of bca in postmenopausal women because of aromatase activity in fat tissue and increased production of estrogens 3 . Metaanalyses demonstrate that patients with metabolic syndrome (central obesity, elevated triglycerides, diminished high-density lipoprotein cholesterol, systemic hypertension, elevated fasting glucose, and receipt of treatment for dyslipidemia, hyperglycemia, or systemic hypertension) have double the risk for cardiovascular disease and a risk for mortality that is increased by a factor of 1.5 4 .
Studies of whether diabetes, obesity, hypertension, or other features of the metabolic syndrome significantly increase cardiotoxicity rates with chemotherapy have yielded conflicting results. Guenancia et al. 5 conducted a meta-analysis of 8745 patients with bca receiving either or both of anthracyclines and trastuzumab. Patients with bca and obesity (n = 2615) experienced a significantly greater risk of developing cardiotoxicity after anthracyclines, with or without trastuzumab [odds ratio: 1.47; 95% confidence interval (ci): 0.95 to 2.28; I 2 = 47%].
In a retrospective study of 45 patients with bca who were more than 70 years of age and receiving trastuzumab therapy, cardiotoxicity was more common in patients who had underlying cardiovascular risk factors such as a history of cardiac disease (33% vs. 9.1%, p = 0.017) and diabetes (33.3% vs. 6.1%, p = 0.010) than in those without those risk factors 6 . Furthermore, in another study, diabetes mellitus was associated with an increased risk of heart failure developing within 1.5 years after initiation of adjuvant chemotherapy in patients with bca (hazard ratio: 1.47; 95% ci: 1.11 to 1.95; p = 0.008) 7 . A 2016 meta-analysis including 6527 patients with bca receiving trastuzumab found a significant association between diabetes and cardiotoxicity (odds ratio: 1.62; p < 0.02) 8 . However, several cohort studies by Tiersten et al. 9 , Swain et al. 10 , and Yu et al. 11 failed to find associations between trastuzumab-induced cardiotoxicity and metabolic syndrome ( Table i) . The discrepancy in those study results might be secondary to different chemotherapy regimens, cancer stages and molecular profiles, patient demographics, and number of study recruits.
Attempts have been made to develop risk scores that will predict rates of heart failure and cardiotoxicity. One such score by Ezaz et al. 16 , based on 1664 patients with bca (stages i-iii), used age, adjuvant chemotherapy, coronary artery disease, atrial fibrillation or flutter, diabetes, hypertension, and renal failure to determine rates of heart failure and cardiotoxicity within 3 years of diagnosis. However, those scores have not been widely adopted in clinical practice.
Multiple studies have addressed whether medical treatment of cardiovascular risk factors (that is, primary prevention) can mitigate cardiotoxicity in patients with bca receiving chemotherapy. Those studies explored whether the prescription of statins, beta-blockers, angiotensinconverting enzyme inhibitors or angiotensin receptor blockers, or dexrazoxane led to better cardiac outcomes (supplemental Table i ). Overall, most of the studies reviewed found a lesser drop in left ventricular ejection fraction (lvef) in patients prescribed the aforementioned medications. Current recommendations strongly advocate modification of cardiovascular risk factors in cancer patients undergoing potentially cardiotoxic treatment 17, 18 .
Patients with bca receiving trastuzumab are known to have a higher risk for cancer treatment-related cardiac dysfunction (ctcd). A meta-analysis of patients with early-stage bca receiving trastuzumab (including eight randomized controlled trials with a total of 11,991 patients) detected significantly increased rates of congestive heart failure (rr: 5.11; 90% ci: 3.00 to 8.72; p < 0.00001) and decline in lvef (rr: 1.83; 90% ci: 1.36 to 2.47; p = 0.0008) 19 . What remains undefined is the effect of obesity, dyslipidemia, and diabetes on the risk of developing ctcd, the incidence of subclinical cardiotoxicity, and the incidence of symptomatic ctcd (sctcd), particularly in higher-risk populations referred for further cardiac assessment.
The objective of the present study was therefore to evaluate the effect of diabetes, dyslipidemia, and obesity on the risk of developing trastuzumab-induced cardiotoxicity in women with bca positive for her2 (the human epidermal growth factor receptor 2). Cardiotoxicity was defined as an asymptomatic drop in lvef (adlvef) of more than 10 percentage points to an lvef of less than 53%, or the appearance of sctcd in women with bca receiving trastuzumab-based therapy.
METHODS
This single-centre retrospective cohort study considered patients with her2-positive bca of all stages receiving trastuzumab-based therapy who were referred to The Ottawa Hospital Cardio-oncology Referral Clinic (corc) between 2008 and 2013. Demographic data collected included age, weight, height, body mass index (bmi), cancer stage, estrogen (er) and progesterone receptor (pgr) status, and lymph node positivity. We recorded whether each patient's chemotherapy regimen included an anthracycline, the number of cycles of trastuzumab received, and whether radiation was administered. The reason for referral to the corc, the results of cardiac testing (either or both of multigated acquisition imaging and echocardiography), comorbidities [limited to diabetes, dyslipidemia, and obesity (defined as bmi > 30)], and cardiac hospitalization were also collected.
Cardiovascular endpoints included adlvef (a decrease of >10 percentage points to an lvef <53% according to the American Society of Echocardiography's definition for cardiac dysfunction related to cancer therapy) 20 and sctcd (including symptoms of heart failure, such as shortness of breath, paroxysmal nocturnal dyspnea, orthopnea, and peripheral edema).
Descriptive statistics, risk ratios (rrs), and proportions were calculated. Standard statistical approaches to assess the significance of results were used: the logit transformation to compute the limits of confidence intervals; the t-test to compare means; and the chi-square test to compare proportions. A standard software application was used for the statistical analysis (Stata version 14.2: Stata Corp., College Station, TX, U.S.A.).
We determined whether baseline demographics showed a significant difference between patients with and without comorbidities included in the study. We also ascertained whether the two groups differed significantly in terms of number of patients receiving anthracycline-based therapy, total dose of anthracyclines, total number of trastuzumab cycles, use of radiation, baseline lvef, type of cardiac imaging, and whether hospitalization for cardiac reasons had occurred before referral. We then recorded the number of patients with and without comorbidities and the reason for referral to the corc. We determined whether referral for reasons of adlvef, sctcd, or pre-treatment assessment was more or less likely for patients having 1 or more comorbidities compared with patients having no comorbidities. The study was approved by The Ottawa Hospital Research Ethics Board.
RESULTS
The analysis included 243 patients with her2-positive bca who were referred to the corc between 2008 and 2015 (supplemental Figure 1) . Median duration of follow-up was 5.9 years. Table ii outlines the demographics and clinical characteristics of the study population. Mean age of the patients overall was 55.6 years (95% ci: 54.1 to 57.2). The patient population with comorbidities had a significantly higher mean age of 58.9 years compared with 53.2 years for patients without comorbidities (p = 0.0004). The distribution of patients by bca stage was 19.8% stage i, 43.6% stage ii, 25.9% stage iii, and 8.6% stage iv. Disease stage was not specified in 5 patients (2.1%). Stages ii-iii bca was observed more often in patients without comorbidities than in those with comorbidities. Mean body weight in the patients overall was 70.8 kg (95% ci: 68.9 kg to 72.7 kg), with the mean being significantly higher in women with comorbidities (80.1 kg; 95% ci: 77.2 to 83.0; p = 0.0018). Average bmi was also higher in patients with comorbidities (30.9; 95% ci: 29.9 to 32.0; p > 0.0001).
For the patients overall, er status was positive in 63.8%, and pgr status was positive in 49.8%. Compared with patients having no comorbidities, patients with comorbidities were more likely to have a negative er and pgr status (41.3% of patients with comorbidities and 30.2% of patients without comorbidities were er-negative, p = 0.019; 55.8% of patients with comorbidities and 41.0% of patients without comorbidities were pgr-negative, p = 0.037). There was no significant difference in lymph node status between the two patient groups.
Of the 243 patients, 183 received anthracycline-based chemotherapy followed by trastuzumab, and 58 patients received trastuzumab without anthracycline-based chemotherapy (Table iii) . Whether the remaining 2 patients received therapy with anthracyclines is unknown. Patients with comorbidities were less likely to receive anthracycline-based chemotherapy (28.8% vs. 46.5% of all patients, p = 0.011). Most patients (217 of 243) received trastuzumab in the curative setting; only 21 patients (8.6%) received trastuzumab for metastatic disease. On average, patients received 24.4 cycles of trastuzumab (95% ci: 21.5 to 27.4 cycles), with no significant difference bet ween the groups. Breast radiation was given to 42.4% of the patients (95% ci: 69.5% to 80.4%), with no significant difference between the groups, although fewer patients with comorbidities received radiation (42 vs. 61 without comorbidities).
Assessment of lvef by echocardiography or multigated acquisition imaging showed a baseline mean lvef of 59.2%, with no significant difference between the groups (Table iv) . There was also no significant difference between the two groups in the rate of cardiac hospitalization: in all, 13.6% of the population had been hospitalized (15 patients with comorbidities and 18 patients without comorbidities).
In this study population, 3.7% of patients had a history of diabetes, 11.5% had been diagnosed with dyslipidemia, and 16.0% were obese (bmi > 30). Most patients (57.2%) had no risk factors, and almost 4% had all 3 risk factors (supplemental Figure 2) .
A history of dyslipidemia, obesity, or diabetes was present in 104 patients. For the patients with a pre-existing comorbidity of obesity or dyslipidemia, the most common reason for the corc referral was adlvef (63% and 60% respectively), followed by sctcd (32% and 29% respectively). Similar findings were noted in the patients with diabetes, with 66% being referred to the clinic for adlvef; 21%, for sctcd; and 3%, for pre-chemotherapy assessment. Of the 139 patients with none of the 3 comorbidities, 68% were referred for adlvef; 30%, for sctcd; and 2%, for prechemotherapy assessment ( Table v) .
The combination of 2 or 3 pre-existing comorbidities was significantly associated with an increased incidence of sctcd in the corc referral population, with a rate of 67% for patients with obesity and dyslipidemia (rr: 2.2; p = 0.04), 69% for those with obesity and diabetes (rr: 2.3; p = 0.02), and 72% for those with all 3 factors (rr: 2.4; p = 0.08; Figure 1 ).
DISCUSSION
Cancer and heart disease are the top two causes of morbidity and mortality in North America. Epidemiology studies have identified common risk factors such as smoking, obesity, diabetes, and dyslipidemia for the development of both cancer and cardiovascular disease. For people who develop cancer, increasing evidence suggests a significant interplay between comorbidities and cancer outcomes. Patients with underlying comorbidities might not be able to complete a full course of prescribed cancer therapy and might experience more toxicities from their treatment, thus potentially compromising cancer outcomes.
In the present study, we assessed the relations between cardiotoxicity and the comorbidities of dyslipidemia, diabetes, and obesity in patients having all stages of her2-positive bca and receiving trastuzumab-based chemotherapy who were referred to the corc. The combination of 2 or 3 of those comorbidities was significantly associated with an increased incidence of symptomatic cancer treatmentrelated cardiotoxicity.
The data presented here are consistent with data from other studies. Previous work by Goldhar et al. 7 , Serrano et al. 6 , Guenancia et al. 5 , Gunaldi et al. 14 , and Jawa et al. 8 linked obesity and diabetes with increased chemotherapyrelated cardiotoxicity in patients with bca (Table i) . Given the increasing incidence of obesity throughout the world, the number of women at risk for developing bca will increase 3 . Long-term longitudinal studies indicate that obesity is not only associated with, but also independently predicts, many cardiac comorbidities 21, 22 . Obesity has an indirect relation with coronary artery disease through covariates related both to obesity and to coronary artery disease risk, including hypertension, dyslipidemia (particularly reductions in high-density lipoprotein cholesterol), and impaired glucose tolerance or type 2 diabetes mellitus. Insulin resistance and accompanying hyperinsulinemia are typically associated with those comorbidities 22 . Diabetes by itself has been associated with chemotherapy-related cardiotoxicity in some studies 7, 8 . In a study by Gunaldi et al. 14 , dyslipidemia by itself was not associated with increased cardiotoxicity.
Our findings demonstrate that, compared with either risk factor alone, the combination of multiple risk factors (obesity, dyslipidemia, diabetes) has a significant effect on sctcd.
Our study is different from other works in the field because it focuses on a cohort of patients referred to a cardio-oncology clinic for assessment before the initiation of trastuzumab or after the detection of adlvef or sctcd during use of trastuzumab. Other studies investigated patients recruited from general medical centres. The patients in the present study had been identified either as being at risk for or as already having experienced chemotherapyrelated cardiotoxicity. Thus, it might provide some insight about the risks for sctcd and adlvef in patients referred for specialized cardio-oncologic care.
Our study has limitations. It is single-centre retrospective study of patients with bca referred to a dedicated multidisciplinary cardio-oncology clinic at a tertiary care centre. Patients were referred to the clinic at the discretion of the oncologists, and thus our data likely underestimate the risk posed by comorbidities in the population with bca. That being said, closer cardiac surveillance of patients referred to the corc could also have led to bias in favour of identifying additional cases of adlvef and sctcd.
A substantial portion of patients had been treated with anthracyclines, which might have confounded the association between patients with metabolic risk factors receiving trastuzumab and cardiotoxicity. Global longitudinal strain was not being measured by our centre at the time that the study was conducted. We limited our study to an assessment of 3 risk factors only: obesity, dyslipidemia, and diabetes.
The small difference in the rrs for the incidence of cardiotoxicity in patients having all 3 risk factors compared with those having 2 risk factors might reflect an underestimation of the cumulative effect of the risk factors given the small number of patients in former study group. It is also possible that cardiotoxicity rates increase slightly with longer follow-up time.
Patients with no comorbidities referred to the clinic were typically referred for cardiac dysfunction and thus had rates of adlvef and sctcd that were comparable to rates in patients with 1 comorbidity. Notably, patients without comorbidities were significantly more likely to have received anthracycline-based chemotherapy, which likely contributed to the cardiac dysfunction that led to their referral to the clinic. Patients with comorbidities also were more likely to be er-and pgr-negative, and to be older, which might have favoured more negative outcomes.
The present study provides further evidence that obesity, dyslipidemia, and diabetes are risk factors for both heart disease and bca. Patients with bca and multiple comorbidities in this study experienced a significantly higher risk for symptomatic cardiotoxicity during cancer treatment. The management of comorbidities in patients with bca requires a multidisciplinary approach to optimize cardiac risk factors at the initiation of cancer therapy. Referral to health care providers with expertise in cardio-oncology and discussion of primary prevention strategies (for example, beta-blockers) should be considered to facilitate delivery of optimal cancer therapy.
CONCLUSIONS
The combination of 2 or 3 comorbidities (diabetes, dyslipidemia, obesity) is associated with a significant increase the incidence of symptomatic cancer treatment-related cardiotoxicity in patients with bca receiving cancer therapy. Patients with bca experiencing cancer treatmentrelated cardiotoxicity with a pre-existing history of diabetes, dyslipidemia, and obesity could require more proactive strategies for prevention, detection, and treatment of cardiotoxicity during trastuzumab-based treatment. Of diabetes, obesity, or dyslipidemia. CI = confidence interval; LVEF = left ventricle ejection fraction; CTCD = cancer treatment-induced cardiac dysfunction 
